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1050 High Occupancy Vehicle Facilities
1050.01 Genera general-purpose facilities are planned, the
1050.02 Definitions HOV facility should be constructed before or
1050.03 References simultaneously with the construction of new
1050.04 Preliminary Design and Planning general-purpose lanes.

1050.05 Operations o

1050.06 Design Criteria 1050.02 Definitions

1050.07 Arterial HOV arterial HOV a priority treatment(s) for buses,

1050.01 General

The high occupancy vehicle (HOV) is a transit
vehicle, van, car, or any other vehicle that meets
the occupancy requirements of a particular
facility. Motorcycles and buses (with a capacity
of 20 or more) can legally travel in an HOV lane
regardless of occupancy level. Vehicles with a
gross vehicle weight ovér500 kg (10,0® Ibs.)

are not allowed in HOV lanes.

The specific objectives for the HOV system are:

» Improve the capability of congested freeway
corridors to move more people by increasing
the number of persons per vehicle.

» Provide travel time savings and a more
reliable trip time to HOVs that use the
facilities.

» Provide safe travel options for HOVs
without unduly affecting the safety of the
freeway general-purpose lanes.

HOV facilities should be designed and
constructed to ensure intermodal linkages,
with consideration given to future highway
system capacity needs. Whenever possible,
HOV facilities should be designed so that the
level d service for the general-purpose lanes
will not decrease.

Inthose urban corridors that do not currently
have planned or existing HOV facilities, a
thorough analysis of the need for HOV facilities
should be completed before proceeding with any
projects for additional new general-purpose
lanes. In those corridors where both HOV and

carpools, and vanpools on nonlimited access
roadways

buffer-separated HOV facility an HOV lane(s)
thatis separated from adjacent general-purpose
freeway lanes by a designated buffer width 0.6
to 1.2 m (2 to 4 ft) or greater thard2n (8 ft)

concurrentflow lane abuffer or nonseparated
lane on which HOVs operate in the same
direction as the normal traffic flow

contraflow lane alane onwhich HOVs operate
in a direction opposite to that of the normal flow
of traffic

direct access ramp a grade-separated on or off
ramp that provides local access from a street or
transit support facility to the freeway HOV
facility

enforcementara aplace where vehicles may
be stopped for ticketing by law enforcement. It
also may be used as an observation point and for
emergency refuge

enforcement observation poin aplace where
an officer may park and observe traffic

flyoverramp agrade-separated usually high-
speed facility that provides ingress and egress
over a freeway HOV main line facility to a local
arterial street, another freeway, or another HOV
support facility

high occupancy vehicle (HOY atransit

vehicle, van, car or any other vehicle that meets
the occupancy requirements of a particular
facility
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level of service adescriptive measure of the
guantity and quality of transportation service
provided the user thatincorporates finite
measures of quantifiable characteristics such as
travel time, travel cost, number of transfers, etc.

line enforcement enforcement by means of
travel in the HOV lane or in the adjacent
general-purpose lane

occupancy designation the minimum number
of occupants for a vehicle to use the facility

separated HOV facility an HOV lane thatis
physically separated from adjacent general-
purpose freeway lanes

shy distance the width between the outside
edge of the shoulder and the traffic barrier or
other obstruction

single occupant vehicle (SOV)motor vehicles
other than a motorcycle carrying one occupant

stationary enforcement enforcement by

vehicles parked in enforcement areas, on and off
ramps, and at locations with high violation rates.
The officer can wave the violator over, and
ideally, pursuitis not necessary.

violationrate thetotal number of violators
divided by the total number of vehicles on an
HOV facility

1050.03 References

Guide for the Design of High Occupancy
Vehicle FacilitiesAmerican Association of
State Highway and Transportation Officials

Manual on Uniform Traffic Control Devices
for Streets and Highwayb| 24-01,

U.S. Department of Transportation, Federal
Highway Administration

Design Features of High Occupancy Vehicle
Lanes)nstitute of Traffic Engineers

Washington State Freeway HOV System Policy,
Washington State Department of Transportation

Standard Plans for Road, Bridge and Municipal
ConstructionM 21-01 Washington State
Department of Transportation

Traffic Manual M 51-02, Washington State
Department of Transportation

High-Occupancy Vehicle Facilities: Current
Planning, Operation and Design Practices,
Parsons Brinkerhoff, Inc.

1050.04 Preliminary Design
and Planning

(1) Planning Elements for Design

In order to determine the appropriate design
options for an HOV facility, the travel demand
and capacity mustfirst be established. Suitable
corridors must be identified, the HOV facility
location and length evaluated, and the HOV
demand must be estimated. A viable HOV
facility will satisfy the following criteria:

» Partofan overall transportation plan.

» Have the support of the community and
public.

* Inresponsetodemonstrated congestion or
near-term anticipated congestion (Level of
Service E or F for at least one hour of peak
period, traffic approaching a capacity of
1,700 to 2,000 vehicles per hour per lane,
and/or average speeds less than 50 km/h
(30 mph) during peak periods over an
extended distance).

» Exceptfor a bypass of a local bottleneck,
HOV facilities will be of sufficient length
to provide a travel time saving of at least
5 minutes during the peak periods.

+ Sufficient number of HOV users for a cost-
effective facility and to avoid the perception
of under utilization. (HOV volumes of 400 to
500 vehicles per hour on concurrent flow
lane and 600 to 800 on separated facilities.)

* Adesignthat provides for safe, efficient, and
enforceable operation.

A queue bypass treatment does not need to
justify all of the above to be effective. Isolated
bypasses may be warranted when there is local-
ized, recurring traffic congestion, and such
treatment will provide a travel time saving to

an adequate number of HOV users.
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Particular attention must be given to the ingress
and the egress to the facility. The efficiency of
the HOV facility can be greatly affected by the
access provisions. Direct access to and from the
HOV facility would be the most desirable, but it
is also an expensive alternative. Direct access
options are discussed in 1050.04(3)(d). The
termination of an HOV lane should be safe and
efficient. See the discussion in 1050.06(6).

The design report should address the need for
the facility and how the facility will meet those
needsin accordance with the above criteria.

(2) HOV Facility Type

A determination must be made as to the type of
HOV facility. For freeways, the three major
choices are separated roadway, concurrent flow,
and buffer separated.

(a) Separated RoadwayThe separated
roadway can be either a one-way reversible or a
two-way operation. The directional splitin the
peak periods, space available, and operating

logistics are factors to be considered. A separate

HOV may be located in the median of the
freeway, next to the freeway, along the side, or
on anindependent alignment. Separated HOV
facilities are more effective for:

» Large HOV volumes.

» Large merging and weaving volumes that
can compromise efficiency of the HOV lane.

* Long-haul HOV travel.

Reversible, separated roadways operate effec-
tively where there are major directional splits
during peak periods. Consideration should be
given to potential changes in this traffic pattern
in the future and designing the facility to
accommodate possible conversion to two-way
operation in the future. The separated roadway
is normally the more efficient, provides for

the higher level of safety, and is more easily
enforced. However, itis generally the most
expensive type of HOV facility to implement.

(b) ConcurrentFlow. Concurrentflow lanes
are an alternate for two-way operation. Concur-
rent flow HOV lanes operate in the direction of
the freeway lanes immediately adjacent to the

High Occupancy Vehicle Facilities

general-purpose lanes. They are located either
to the inside or outside of the general-purpose
lanes. Refer to Figure 1050-1. This type of
facility is normally less costly, is easier to
implement, and provides more opportunity for
frequent access. However, the ease of access also
can create more problems for enforcement and
higher potential for conflicts, particularly consid-
ering the speed differential between the HOV
lane and the mixed traffic lanes. These opera-
tional shortcomings can be alleviated somewhat
by the use of a buffer between the HOV lane and
the general-purpose lanes.

(c) Buffer Separated.The buffer separated

HOV facility is similar to the concurrent flow
HOV, but with a 0.6-to 1.2-m (2- to 4-ft) buffer
(or greater than 2.4 m [8 ft]) between the HOV
lane and the general-purpose lanes. The addition
of a buffer provides better delineation between
the lanes and an improved operation, considering
the speed differential between the lanes.

(3) Operational Alternatives

dln addition to the HOV facility, a full range of

operational alternates must be considered before
preparing a project prospectus. For limited
access facilities, the operational alternates
include:

* Inside or outside HOV lane.
* Lane conversion.

» Use of existing shoulder.

» Directaccess.

* Queue bypasses.

» Transitflyer stops.

When evaluating alternates, it must be realized
that a combination of alternates may provide the
best solution for the corridor. Also, flexibility
must be incorporated into the design in order not
to preclude potential changes in operation, such
as outside-to-inside lane and reversible to two-
way operations. Access, freeway-to-freeway
connections, and enforcement would have to

be accommodated for such changes.
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(a) Inside Versus Outside HOV Lane.

System continuity and consistency of HOV lane
placement along a corridor are important and
influence facility development decisions. Issues
that should be considered include land use, trip
patterns, transit vehicle service, HOV main line
and ramp volumes, main line congestion levels,
safety, enforcement, and direct access to
facilities.

The inside HOV lane (left lane) is most appropri-
ate for a corridor with long distance trip patterns,
such as a freeway providing mobility to and from
the central business district or a large activity

expensive method for providing an HOV lane is
through conversion of a general-purpose lane.
Striping and signing are sometimes the only
engineering features that need be implemented.
Converting a general-purpose lane to HOV use
would likely have long-term environmental
benefits. This method, however, is controversial
from a public acceptance standpoint. Public
support may be gained through an effective
public involvement program. See Chapter 210,
Public Involvement and Hearings.

Lane conversion of a general-purpose lane to an
HOV lane must enhance the corridor’s people

center. These trips are characterized by long haulmoving capacity. It is critical that an analysis be

commuters and express transit vehicle service.
Maximum capacity for an effective inside HOV
lane is approximately 1,500 vehicles per hour.
When HOV volumes exceed 1,500 vehicles per
hour, the HOVs weaving across the general-
purpose lanes may cause severe congestion. In
these situations consideration should be given to
implementing direct access HOV ramps, physi-
cally separated HOV roadways, or providing a
higher occupancy designation.

The outside HOV lane (right lane) is most
appropriate for a corridor with shorter, widely
dispersed trip patterns such as a freeway that
encircles the central business district and
provides mobility for the suburb-to-suburb

conducted. This analysis shall address:
Public acceptance of the lane conversion.

* Presentand long-term trafficimpacts on
the adjacent general-purpose lanes and the
HOV lane.

Impacts to the neighboring streets and
arterials.

» Legal, environmental, and safety impacts.

The analysis must reflect an overall increase in
people moving capacity, and this analysis must
be included in the design report.

(c) Use of Existing ShoulderWhen consider-
ing the alternatives in order to provide additional

commuters. These trip patterns are characterized \\iqth for an HOV lane. the use of the existing

by transit vehicle routes that exit and enter at

shoulder is not a preferred option. To use the

nearly every interchange. The maximum capacity existing shoulder is a design deviation and

for an effective outside HOV lane is approxi-
mately 1,100 vehicles per hour. Capacity is
reduced and potential conflicts are increased by
heavy main line congestion and large entering
and exiting general-purpose volumes since they
must cross through the HOV lane.

(b) Conversion of a General-Purpose Lane.
Conversion of a general-purpose lane to an HOV
lane may be justified when the conversion
provides greater people-moving capability on

the roadway. Given sufficient existing capacity,
converting a general-purpose lane to an HOV
lane will provide for greater people moving
capability in the future without significantly
affecting the existing roadway operations. From
an engineering standpoint, the fastest and least

approvalis required.

Shoulder conversion to an HOV lane should only
be used when traffic volumes are heavy and the
conversionis atemporary measure. Another
alternative would be to use the shoulder as a
permanent measure to serve as atransit-only lane
during peak hours and then reverted to a shoulder
in off peak hours. The use of the shoulder creates
special signing, operational, and enforcement
problems. An agreement must be executed with
the transit agency to ensure that transit vehicles
will only use the shoulder during peak hours.

The use of the shoulder must be clearly defined
by signs which include the words TRANSIT

ONLY and SHOULDER. Special operations
should be instituted to ensure the shoulder is
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clear and available for the designated hours.
These operational alternatives must be
documented in the design report.

The existing shoulder pavement is often not
designedto carry heavy volumes of HOVs,
especially transit vehicles. As aresult, repaving
and reconstruction of the shoulder may be
required.

(d) Direct AccessTomaximize the efficiency
of the HOV system, exclusive HOV access

ramps for an inside HOV lane are recommended.

Direct access eliminates the HOV user crossing

High Occupancy Vehicle Facilities

for queue bypasses are one to three minutes,
although much larger time savings may be
experienced, particularly at metering sites.
Typical locations for queue bypasses are atramp
meters, signalized intersections, toll plaza or
ferry approaches, and parallel facilities in con-
junction with isolated main line congestion. By
far the most common use is with ramp metering.
This type of treatment can be accomplished
along with a corridor HOV facility or indepen-
dently. In most cases, these treatments are
relatively low cost and can be readily imple-
mented. HOV bypasses should be included on all

the general-purpose lanes since most of the mainramp metering sites or provisions made for the

line ingress and egress movements are from the
outside (right side). Also, transit vehicles will be

able to use the HOV lane and provide service to
frequently spaced interchanges.

Providing the HOV user access to the inside
HOV lane without mixing with the general-
purpose traffic saves the user additional travel

future accommodation, unless specific location
conditions dictate otherwise.

(f) Transit Flyer Stops.A variation of direct
access s to provide a flyer stop (also known as
express transit stations) where transit vehicles
traveling on the freeway stop alongside the
freeway on a special ramp constructed for

time and aids in safety and enforcement, incident transit vehicle use only. Pedestrians access

handling, and overall operation of the HOV
facility.

Key locations for direct access ramps include
park and ride lots and flyer stop interchanges.
Coordination with the local transit agencies will
resultin the identification of these key locations.
Priority should be given to locations that serve
the greatest number of transit vehicles and other
HOVs. Transit agencies may provide funding for
the construction of a direct access ramp that
serves transit vehicles.

Direct access of any type is usually very
expensive due to the structural and right of

way requirements. If directaccess ramps are
not included in the initial project, provisions
should be made so that they can be added later
or atleast the design should not preclude their
addition at a later date.

(e) Queue Bypass Laneshe type of conges-
tion, the HOV demand, or the physical roadway
characteristics may warrant a short, preferential
treatment that allows HOVs to save time by
avoiding congestion at an isolated bottleneck.
The bottleneck may be operational due to capac-
ity restrictions or artificially introduced by
metering. An acceptable range of time savings

the flyer stop by way of stairs, wheelchair
accessible ramps, and elevators. Ideally, the
flyer stop is separated by barriers from the
rest of the freeway.

1050.05 Operations
(1) Vehicle Occupancy Designation

The vehicle occupancy designation should
provide for the maximum movement of people
in acorridor, provide free-flow HOV operations,
reduce the empty lane perception, provide for
the ability to accommodate future HOV growth
within a corridor, and be consistent with the
regional transportation plan and the policies
adopted by the metropolitan planning
organization (MPO).

Aninitial occupancy designation must be
established, but itis not critical that this initial
occupancy level be based on detailed traffic
projections and usage for the design year since
the requirements can be changed as operational
conditions warrant in the future. Itis WSDOT
policy to use the 2+ designation as the initial
occupancy designation. The 2+ carpools are
easier to establish and will provide the higher
vehicle utilization. A 3+ occupancy designation
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should be considered ifitis anticipated during
initial operation that the volumes will be

1,500 vehicles per hour for a left side HOV lane,
or 1,200 vehicles per hour for a right-side HOV
lane, or that a 70 km/h (45 mph) operating speed
cannot be maintained for more than 90 percent of
the peak hour.

when the operational characteristics and design
alternatives are being established. This involve-
ment ensures that the project is enforceable and
will receive their support.

Any high-speed HOV facility shall provide both
enforcement areas and observation points. Ramp

In air quality nonattainment areas where trans-
portation sources are a significant cause of
pollution, a change in the vehicle occupancy
designation is subject to analysis by the MPO.

A possible optionis a variable 2+/3+ occupancy
designation providing access to the HOV lane
for the 3+ HOV users during the peak hours and
2+ HOV users in the nonpeak hours. A variable
definition alleviates the under utilization of an
HOV lane and allows for a reliable level of
service during peak hours. The use of a combi-
nation of both fixed and changeable message
signing should be considered to indicate a
variable carpool designation. Adequate signing
and accommodation of enforcement needs must
be included in this decision. Coordination with
the enforcement agency(s) and an evaluation of
the consistency with regional plans and policies
is required before implementing this option.

(2) Hours of Operation

WSDOT policy is to provide 24 hours a day
HOV designation on freeway HOV lanes. There
may be special situations where part time opera-
tion during the peak period is appropriate. This
involves more complicated sighing and enforce-
ment considerations. Additionally, ifitinvolves
a shoulder or parking lane that reverts back to
its normal usage, special operations should be
instituted to ensure the shoulder or lane is clear
and available for the designated hours. These
operational alternatives must be documented in
the design report.

(3) Enforcement

Enforcementis essential to the success of an
HOV facility. It shapes public attitudes and
maintains the integrity of the facility. Coordina-
tion with the Washington State Patrol is critical

facilities also need enforcement areas although
the design requirements will be different due to
their location and reduced speeds.

Barrier-separated facilities, because of the
limited access to SOV violators, are the easiest
facilities to enforce. Shoulders provided to
accommodate breakdowns may also be used
for enforcement. Reversible barrier-separated
facilities have dead ramps for the reverse direc-
tion that may be used for enforcement. Breaks
in the barrier may be needed so emergency
responders can access barrier separated HOV
lanes and back up to the accident.

Buffer-separated and concurrent flow facilities
allow violators to enter and exit the HOV lane
at will. For thisreason, providing strategically
located enforcement areas and observation
points is essential.

Consider the impact on safety and visibility
for the overall facility during the planning and
design of enforcement areas and observation
points. Where HOV facilities do not have
enforcement areas, or where officers perceive
that the enforcement areas are inadequate,
enforcement on the facility will be difficult

and less effective.

(4) SC&DI

The objective of the Surveillance, Control and
Driver Information (SC&DI) system is to make
more efficient use of our transportation network.
This is done by collecting data, managing traffic,
and relaying information to the motoring public.

Itis important that an SC&DI system is
incorporated into the HOV project and that the
HOV facility fully utilize the SC&DI features
available. Thisincludes providing a strategy of
incident management since vehicle breakdowns
and accidents have a significantimpact on the
efficient operation of both the HOV facilities

and the general-purpose lanes.
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1050.06 Design Criteria combination of median reconstruction, shoulder
reconstruction, and lane restriping. Each project

(1) De.31gn Procedures will be handled on a case by case basis. Gener-
HOV projects that add or reconstruct HOV ally the following reductions should be

fgcilities areto be cor_1$idere_d asnew construc-  -gnsideredin order of preference:

tion. A design report is required for all HOV . o _
projects (including lane conversion alternatives). (&) Reduction of the inside shoulder width,
Refer to Chapter 33@esign Reportsor design provided the enforcement and safety mitigation

report procedures. is_sues are addressed. (Consipleration shallbe
given not to preclude future direct access by over

(2) Design Considerations reduction of the available median width.)

as horizontal and vertical alignment, vertical lane width to not less than 3.3 m (11 ft).

clearance, cut and fill slopes for both sides of ) ]
the freeway, sight distance, weave areas within  (€) Reduction ofthe outside general-purpose
interchanges, and superelevation shall conform 1&ne width to notless than 3.3 m (11 ft).

to the criteria in Division 6, Geometrics, and (d) Reduction of the HOV lane to not less than
Division 9, Interchanges and Intersections. 3.3m (11 ft).

The roadside safety principles in Divisioar&

also applicable. (e) Reduction of the outside shoulder width

from 3.0 to 2.4 m (10 ft to 8 ft).

If lane width adjustments are necessary, old lane
markings must be thoroughly eradicated. Itis
desirable that longitudinal joints (new or exist-
ing) not conflict with tire track lines. If they do,
then consideration should be given to overlaying
the roadway before restriping.

The design vehicle for HOV facilities should
include passenger vehicles, vans, and single unit
and articulated buses. Turning roadway widths
for HOV on and off ramps shall conform to
Figure 1050-2The design speeds, as a mini-
mum, should be comparable to the general-
purpose facilities. The design criteria for paving
sections, vehicle characteristics and intersection (4) Design Criteria for Types of
radii should conform to Chapter 1060 ansit HOV Eacilities

Benefit Facilities. ) o
(a) Barrier-Separated HOV Facilities. The

(3) Addingan HOV Lane separated HOV facility can be single lane or

The options for adding an HOV lane are recon- multilane and directional or reversible. A single
struction, restriping, combined reconstruction lane roadway shall have a minimum cross section

and restriping, and possibly lane conversion. of 7.9 m (26 ft) (Figure 1050-3a). A two-lane
o _ N roadway shall have a minimum width of 11.4 m
Reconstruction involves creating additional (38 ft) (Figure 1050-3b).

traffic lanes by widening to the inside (left side),

the outside (right side), or both. Additional right (b) ConcurrentFlow HOV Lanes.Concurrent
of way may be required. Restriping involves flow HOV lanes are lanes that operate in the
reallocating the existing paved roadway to same direction as the adjacent freeway lanes and

create enough space to provide an additional are located either on the outside or inside of the
HOV lane. Restriping of lane widths to less than 9€neral-purpose lanes (Figure 1050-1).

3.6 m (12 ft) is a design deviation and approval  For both inside and outside HOV lanes, the

is required. standard lane width is 3.6 m (12 ft) and the

Reconstruction and restriping can be combined ~ Standard shoulder width is 3.0 m (10 ft).
to maximize use of the available right of way. ~ APProval of a design deviation is required for

For example, a new lane can be created through a2n€ widths less than 3.6 m (12 ft) and shoulder
widths less than 3.0 m (10 ft).
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When it is proposed that the inside shoulder be  single lane ramp meter with HOV bypass and
less than 3.0 m (10 ft) for distances exceeding  Figure 1050-4b for the typical two lane ramp
2.5km (1.5 mi), enforcement and observation meter with HOV bypass.

;rfnail)sinmtgf\tgli psrg\é'ld:?d at 1150;8 37-km ((11'7:30 Both Figures, 1050-4a and 4b, show the required
i ' gures -faand /. 4.2-m (14-ft) wide observation point/enforce-
Where inside shoulders of less than 2.4 m (8 ft) ment area. Any other design must be treated as a
are proposed for lengths of roadway exceeding design exception and documented accordingly.

0.8 km (0.5 mi), safety refuge areas must be One alternative (a design exception) is to provide
provided at 0.8-to 1.6-km (0.5- to 1-mi) a 3.0-m (10-ft) outside shoulder from the stop
intervals. These can be in addition to or in bar to the main line.

conjunction with the enforcement areas. ] ]
Dedicated incident response teams, contracted (5) DirectAccess Connections

towing, or private assistance patrols located Direct access ramps, such as Figure 1050-5a
along the corridor or in the immediate vicinity and 5b, provide access between the inside HOV
are operational mitigations which canbe used  facilities (barrier separated or concurrent flow) to
along with greater spacing between refuge another freeway, a local arterial street, or a park
areas. These measures are to provide for the and ride facility, by way of an elevated structure.
efficient operation and free flow capabilities

of the corridor. The design for a single-lane on ramp located

on the left side of the main line is shown on
A buffer separated HOV facility is a variation Figure 1050-5c.

of the concurrent flow lanes in which a buffer is
provided between the faster moving HOV traffic
and the general-purpose traffic to increase safety
and driver confidence. The design standards are
the same as for the concurrent flow HOV lanes,
except for a buffer 0.6 to 1.2 m (2 to 4 ft) in

width or greater than 2.4 m (8 ft) in width. Buffer
widths between 1.2 and 2.4 m (4 and 8 ft) are not
considered desirable since they may be mistak-

enly used as a refuge area for which they would  (6)  HOV Lane Termination

be inadequate. The beginning and end of an HOV facility

(c) HOV Ramp Bypass.The HOV bypass should be at logical points and should typically
may be created by widening an existingramp,  avoid existing freeway ramps. There should be
construction of a new ramp where right of way  adequate sight distance at the terminals, and

A less expensive alternative to a flyover ramp is
a slip ramp (Figure 1050-6). Slip ramps provide
access to and from the barrier separated facility
from the inside main line lane. As a result of the
operational problems associated with a left-hand
slip ramp, athorough operational analysis should
be conducted and adequate sighing should be
provided.

is available, or reallocation of the existing adequate signing and pavement markings must
pavement width provided the shoulders are be provided.
full depth.

For the termination of an HOV lane, the
Ramp meter bypass lanes are located on the left principles that apply to merge or diverge maneu-

or right of metered lane(s). Typically, bypass vers should be used. When the HOV lane is on
lanes are located on the left side of the ramp. the inside of the freeway, the desirable or higher
Consultwith local transit agencies and the values should be used since the interface is with
region’s Traffic Office for direction on which the “fast” lane.

side (leftorright) to place the HOV bypass. The preferred method is to provide a straight-

The design of the ramp meter should be through move into a mixed-flow lane and drop a
determined by the existing conditions at each general-purpose lane. However, volumes for both
location. See Figure 1050-4a for the typical the HOV lanes and general-purpose lanes, and
Page 1050-8 Design Manual
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the geometric conditions should be analyzed so Documentin the design report the decision
that the operational performance of the general- regarding the installation of the signal head.

purpose lanesis hotcompromised. Refer to thé raffic Manualregarding HOV
metered bypasses for additional information on
(7) EnforcementAreas enforcement signal heads.

Enforcement of the inside concurrent flow HOV ) ]

lane can be done with a minimum 3.0-m (10-ft)  (8) Signs and Pavement Markings

inside shoulder. For continuous lengths of barrier TheMUTCDhas established pavement markings
exceeding 3 km (2 mi), a 3.0-m (10-ft) shoulder and signs for preferential lane-use control.

with a 0.6-m (2-ft) shy distance isrecommended. Guidance for use of these items is provided in

For inside shoulders less than 3.0 m (10 ft), theTraffic Manual.

enforcement and observation areas shall be (a) Signs.Restricted use HOV signs should be
located at 1.5- to 3-km (1- to 2-mi) intervals post mounted next to the HOV lane. The sign
or based on the recommendations of the wording must be clear and precise, stating which

Washington State Patrol. These areas canalso lane is restricted, the type of HOVs allowed
serve as safety refuge areas for disabled vehiclesand the HOV vehicle occupancy designation
Referto Figure 1050-7a and 7b. approved for that section of road. The sign size,
location, and spacing is dependent upon the
conditions under which the sign is used and
should be consistently applied. Refer to the
Traffic Manualfor additional guidance on
signing of HOV facilities. Roadside signs can
also be used to convey other HOV information
such as the HERO program, carpool information
telephone numbers, and violation fines. Some
situations may call for the use of variable
message signs.

Observation points should be constructed
approximately 400 m (1300 ft) before enforce-
ment areas. They can be designed to serve both
patrol cars and motorcycles or motorcycles only.
Coordination with Washington State Patrol is
essential during the design stage to provide
effective placement and to ensure utilization of
the observation points. Median openings give
motorcycle officers the added advantage of being
able to quickly respond to emergencies in the
opposing lanes. See Figure 1050-7c. Theideal Overhead signs should be placed directly over
observation point places the motorcycle officera the HOV lane to provide maximum visibility.

meter or more in elevation above the HOV lane A sequence of overhead signs shall be used at the
and outside the shoulder so the officer can look beginning and end of all HOV freeway facilities.
down into a vehicle. Overhead signs can also be used in conjunction

The enforcement pad should be located on the with roadside signs along the roadway.

right side for queue bypasses and downstream (b) Pavement Markings.Pavementmarkings
from the stop bar so the officer can be an should conform to th€&raffic Manualand the
effective deterrent (Figures 1050-4a and 4b). Standard Plans for Road Bridge and Municipal

An optional one-section signal head with a Construction.

200 mm (8 in) red lens (signal status indicator (c) Interchanges.Inthe vicinity of interchange
for enforcement) may be placed at HOV lane on and off connections where merging or exiting
installations that are metered. The signalhead traffic crosses an HOV lane, make provisions for
faces the enforcement pad so that Washington  general-purpose traffic using the HOV lane.
State Patrol can determine if vehicles are violat- These provisionsinclude signing and striping
ing the ramp meter. The signal head allows that clearly show the changes in HOV versus
Washington State Patrol to simultaneously general traffic restrictions. Refer to tSeandard
enforce two areas, the meter and the HOV lane. Plansfor pavement markings and signing.
Consult with Washington State Patrol for use at

alllocations.

Design Manual Page 1050-9
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High Occupancy Vehicle Facilities

1050.07 Arterial HOV These priority treatments can significantly

There are a variety of HOV treatments available improve gffective_ngss_and safety_of an arterial
for use on arterials. Some of these treatments arer'OV facility. Modification of the signal system

site specific or have limited applications. HOV can p_rovurjlfs ? IOV_\II_EOSt prlofrlthy treatr_ne_nt for
lanes on arterials are increasingly being consid- transitvehicles. The useo ¢ ese priority treat-.
ered. Arterial HOV lanes differ from freeway ments must be coordinated with the local transit
HOV lanes in slower speeds, little access control Egenues aFnd ?pp;]oved %ythe Sftater\]Trafflc
(turning traffic can resultin right angle con- hgineer. For further guidance for the use

flicts), traffic signals, and reduced geometric of signal priority treatments, refer to the
standards. Arterial HOV lanes are occasionally Traffic Manual.

designated for transit vehicles only, especially
in major cities with a large concentration of
transit vehicles.

1050-MBJ:P:DM10

Often, arterial HOV lanes are constructed in
relatively short lengths to give an advantage

to HOVs approaching a signalized intersection.
Arterial HOV lanes are usually located on the
outside (right) lane of the roadway because the
loading and unloading of transit vehicles usually
takes place there. If business and cross streets are
present, then SOV traffic should be allowed
access to the HOV lane to turn.

Turns across and through the arterial HOV lane
can create conflicts. Minimizing access points
that create these conflict locations, such as by
providing well-delineated driveways, is recom-
mended. Adequate signs and pavement markings
are important.

The outside of the HOV lane should have either
curb or an edge stripe.

Signal priority treatments which alter the
sequence or duration of a traffic signal are
techniques for providing preferential treatment
for transit vehicles and emergency vehicles. The
priority treatments can range from timing and
phasing adjustments to signal preemption. The
priority treatments may require changes in signal
controller equipment and provisions for on-board
transit vehicle equipment or special detectors to
identify transit vehicles, However, the overall
impact on traffic must be considered. Preemption
would normally not be an appropriate treatment
where traffic signal timing and coordination are
being utilized or where there are high volumes
on the cross streets.

Page 1050-10 Design Manual
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3.6 m HOVJ l\3.0 m
Concurrent flow HOV lanes with outside HOV |anes
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R
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/ \ L3‘,6 m HOV
3.0 mx*

Concurrent flow HOV lanes with median HOV Ianes

3.6 m HOVJ

*For continuous lengths of barrier, a 3.0 m shoulder

with a 0.6 m shy distance is recommended to provide
an enforceable corridor.

Typical Concurrent Flow Lanes
Figure 1050-1
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High Occupancy Vehicle Facilities

RADIUS OF DESIGN
TWO-~LANE WIDTH OF
RAMP THIRD LANE=*
R W
{(m) (m)
301 to TANGENT 3.6
300
180 .
150 3.9
120 4,2
105 4,2
90
75
60
45 .
30 .

* NOTEs Apply additional width to 2-lane ramp widths.
See Chapter 640 for turning roadway widths.

Shoul der

Third lane

Two- tane
ramp

Shoulder

Roadway Widths for Three-Lane HOV On and Off Ramps
Figure 1050-2
(Metric)

Page 1050-12 Design Manual
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High Occupancy Vehicle Facilities

12 m 3.6 m* 3.0 mus
SHLDR. LANE SHLDR.

*See Chapter 640 for turning roadway widths.

**The use of a 2.4 m shoulder will require
a design deviation.

Separated Roadway Single-Lane, One-Way or Reversible
Figure 1050-3a
(Metric)

Design Manual Page 1050-13
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Lemmvil, 36w | 36w+ | 3.0 m MIN
™ SHLDR. | LANE N LANE - SHLDR.

* See Chapter 640 for turning roadway widths.
Separated Roadway Multi-Lane, One-Way or Reversible

Figure 1050-3b
(Metric)

Y
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High Occupancy Vehicle Facilities

NOTES

1. See Standard Plans for striping details.
2. This distance must equal or exceed the

“Acceleration lane length” tabulated in
Chapter 940.

See Chapter 640 for roadway widths.

Use of radil less than 900 m must be
justified in the design report.

PCC of
SN
curve
- 450 m Taper
Variabie 90 m MIN 300 m
HOV bypass ramp
transition curves 210 m
301 = 500 m MIN w
\See Note 4)7 Edge of through lane P
L]
em—__ "~ . W A i Dy S Attt 1' ————— _J
ay )
SO ——-1.2.m - [2 5.%;
1.2 m = 7.5 m Min af PC T
—_—— 10s1 50 Q
See Note 3 <= 75 [ — e
Zy Observation point/enforcement area ;
Ramp meter 3.6m le—
30 m 60 m 18 m
[ T |
\[\ Storage Accelergtion lane (See Note 2)
150 m
L
=
L |
A -~~~ g T T T T —— — — — — f——— —3.6m
KN o il
T 3.0 m
(@]
|_
3 [~ coen
=
SHED
Single-Lane Ramp Meter With HOV Bypass
Figure 1050-4a
(Metric)
Design Manual Page 1050-15
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High Occupancy Vehicle Facilities

NOTES

{. See Standord Plans for Striping Detalls.

2. This distance must equal or exceed the
“Acceleration Lane Length”” tabulated in
Chapter 940.

3. See Chapter 640 ond Figure 1050-2 for roadway
widths.

4 Use of radii less than 900 m must be
justified in the design report.

P.T. of
P.C.C. of _~Ramp Trans Curve

Ramp Curves \ ‘

Variable 90 m MIN
(Ramp Transition Curves)

90 m

R=900 m MIN
(See Note 4)

A\
A ’J
MATCH LINE

I
. — Ramp Meter T~ 0bservation Point/Enforcement Area
15 m ApproXx.— 4" M—3.6 m

30 m 60 m 18

Storage Acceleration Lane (See Note 2)

120 m wle 60 m 150 m |

Edge of

Through Lane
(W]
= - - - y- - - - -----"-"--- - e N 11 ]
— 4.8 m 3.5 1 =X
- .0m
I
)
'—
<
: -

Two-Lane Ramp Meter With HOV Bypass
Figure 1050-4b
(Metric)
Page 1050-16 Design Manual
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High Occupancy Vehicle Facilities

General purpose lanes

- - -
-— — | - e
] ] P
> < ’ ¥ —
— - =

—_— —

— — ——
—
—
e . —— e e e e m— e - — -

*For standard acceleration and
deceleration tapers see Chapter 940.

To local street support facility

A / / or another HOV facility
15.6 m
0.6 m
SHLDRS

2.4 m 4.5 m* |\_J

SHLDR RAMP

\ Jl
= ~ Foe p

Section A-A

*See Chapter 640 for furning roadway widths.

Typical HOV Flyover
Figure 1050-5a
(Metric)
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High Occupancy Vehicle Facilities

See Figure
1050-5¢
-
\_ —3 <t
-
- =<
—> -
- __ —_—
+
— O
g o0
O O
O +
g wm
NOT TO SCALE
7.5 m
2.4 m 4.5 m*
SHLDR. HOV RAMP l
o
(s}
—
X
[\ %
S
Ve]
S
Section A-A
*See Chapter 640 for turning roadway widths.
Typical Inside Lane On Ramp
Figure 1050-5b
(Metric)
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(a1139)
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dwey uQ aue7-a|buls apisu|

PCC of
ramp curves

Variable, std. radius

P.T. of ramp Edge of shoulder

transition curve
End of ramp stationing

m

g
1

Edge of HOV lane

Edge of shoulder

1

I

|

|

!

|

|

|

|

|

=‘|

|

|

|

|
1

See

NOTE:

/\,
”vr—ﬂ Std. Taper

Std. Acceleration Lane

See Chapter 940, “'Single
Lane On Connection’.
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G661 dunr

02-050T 8bed

Jenuepy ubisag

_|
<
-
g 9
o Cc =
St
385
5
()}
3
©

~

w yeg

-

€— freeway
Shoulder «<€— Weave Lane 3.6 m Shoulder 3.0 m
o * 0.6 m=—=
Shoul der / Buffer 3.0 m * Shoulder 3.0 m
- <€ HOV Lane / - 3.6 m
/ N
F— 0.6 m=5
- HOV Lane —3» Precast Barriers (TYP) - 3.6 m
Shoul der } *\ 3.0 m Buffer /a‘e Shoulc(jir ;O m
Shou |l der 3.6 m  Weave Lane ——3» Shoul de 3.0 m
Freeway =—3p»
std. standard
decel. 450 m accelergtion _]
taper 1 L taper |

* For standard acceleration and deceleration

tapers see Chapter 94Q.
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High Occupancy Vehicle Facilities

flatter

300 m MIN
(390 m Preferred)
A
3.0 m MIN
(4.2 m Preferred)

.1 of
fiafter
(varies)

75
Shoulder width

Enforcement Area (One Direction Only)
Figure 1050-7a
(Metric)
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High Occupancy Vehicle Facilities

Varies
3.6 m[3.6 m|\ [ 3.6 m|3.6 m
fane HOV HOV fane
; th
C
®
E +
-
O O
L E
o 0
= >
C o
=
1-(
| N———1.2 m MIN
1.2 m MIN (3.0 m Preferred)
(3.0 m Preferred)—= «— |
‘>1<—1,2mMIN
I | (3.0 m Preferred)
M |
| o] @
" Y
5 o M Yy =
e - \/\ 2
e [ o 0
O - .
£ " g
22 = v
elc — |2
TIC o ~ o
115 = c
° £
* (@
j 8|&
] My~
3°OmMIN/ ™
(4.2 m Preferred) %

0.6 m concrete barrier— j«

*Refer to Standard Plans for
warning marker details.

Median Enforcement Area
Figure 1050-7b
(Metric)
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High Occupancy Vehicle Facilities

3.6 m|3.6 m ﬂ 3.6 m{3.6 m
lane | HOV H HOV | lane

L—1.2 m MIN
(3.0 m preferred)

0
2.4 mﬂa
]

90 m |

60 m -

50

0.6 m concrete barrier

Bidirectional Observation Point
Figure 1050-7¢c
(Metric)

Design Manual Page 1050-23

June 1995



High Occupancy Vehicle Facilities

//' // I', “\ \\ ‘\\
I/ /’ II \ ‘\ \\
// /, II \\ \\ \\
/] AR
/] AN
;! Vo
/] VoL
/ ! \ \
/Y Loy
;0! ! \ \
ﬂ / / / \ \ \\
1 ! ! ! \ \
A | | U
/ / ! \ \ \
VN | U
/] ] ! | \ \
/ / [ \ \ \
1 i ! } \ \
/ / / \ \ \
/ / ' { \ \
/ | \ \
10°] 12°
HOV

12" [ 10"
HOV
Concurrent flow HOV lanes with outside HOV lanes

x10’] [#10’

HOV
Concurrent flow HOV lanes with median HOV |anes

*For continuous lengths of barrier, a 10’ shoulder
with ¢ 2° shy distance is recommended to provide
an enforceable corridor.

Typical Concurrent Flow Lanes
Figure 1050-1
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High Occupancy Vehicle Facilities

RADIUS OF DESIGN
TWO-LANE WIDTH OF
RAMP THIRD LANE*
R w
(f+) (1)
1001 to TANGENT 12
1000 13
600 13
500 13
400 14
350 14
300 14
250 14
200 15
150 16
100 17

» NOTE: Apply additional width to 2-lane ramp widths,
See Chapter 640 for turning roadway widths.

Roadway Widths for Three-Lane HOV On and Off Ramps
Figure 1050-2
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High Occupancy Vehicle Facilities

L 4’J4 #12’ J, *10’
{‘SHLDR’.“ LANE ’|‘ SHLOR.

*See Chapter 640 for turning roadway widths.

#+The use of an 8’ shoulder will require
a design deviation.

Separated Roadway Single-Lane, One-Way or Reversible
Figure 1050-3a
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High Occupancy Vehicle Facilities
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|
{
[
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|
|
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I
|
i
|
|
|
I
l
]
|
|
|
I
|
o | ‘2’ | ‘2’ | 10
]‘ SHLDR.T LANE ’|‘ LANE ’|‘ SHLDR.

* See Chapter 640 for turning roadway widths.

Separated Roadway Multi-Lane, One-Way or Reversible
Figure 1050-3b

:
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High Occupancy Vehicle Facilities

NOTES
1. See Standard Plans for Striping Detalls.

2. This distonce must equal or exceed the
“Acceleration Lone Length” tabulgted In

Chopter 940.
3. See Chaper 640 for roodwoy widths.
4. Use of radil less thon 3000° must be
justified in the design report.
P.C.C, of
Romp Curves P.T. of
\ /Rap Trons Curve
1500° Toper (5011)
varigble 300" MIN 1000° (20" X 50)
HOV Bypass Romp
Tronsition Curves 100’
10 R+3000°MIN w
(See Note 41 Edge of Through Lane =
=== s Bl bttt v saiisdinsisdbuiindinfidiiiniiioig -———=1
- ~4 R l;' =
W 25' MIN_ot PCC - 1 =0 8
See Note 3 %%\ T =
:_/ Observation Polnt/Enforcement Arec
Ramp Neter !2'-—| .
100’ 200° I 60° I
\I\ Storoge Acceleration Lone (See Note 2)
500’ (10’ x 50)
[FH]
Zl-- -~ = v Saditivlitiiidiniiiiiindhaiiieiii i 12’
i 12 X to
T
(&)
[
<t
= [—
Single-Lane Ramp Meter With HOV Bypass
Figure 1050-4a
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High Occupancy Vehicle Facilities

NOTES
1. See Stondord Plons for Striping Detalls.

2. This distonce must equal or exceed the
“Acceleratton Lone Length” tabulated In
Chapter S940.

3. See Chapter 640 ond Figure 1050-2
for roadway widths.

4, Use of radii less thon 3000° must be
justified in the design report.

P.T. of
P.C.C. of ~Ramp Trans Curve

Romp Curves \
Varlable 300" MIN _l‘ 300°

(Romp Transition Curves)
R=3000° MIN W
(See Note 4_)\ =z
—f
b v dmiintihadieliinaliiiiniih Sl '-'-"'---';4 ------------ ‘,"‘-""—l
45 —r4 R — 24 s
y" 31°_MIN gt PCC l-<-

1
See Note 3 w7 { =

g —Romp Meter T oObservation Point/Enforcement Area
50’ Approxe. —'I 12"
100° 200’ 60’
| |
Storage Acceleration Lane (See Note 2)

400’ [ 2007 500" |
Edge of

th Lane
Ll
zZ|l--"-—"¥X-" """ - - - -~ el G {4
— 16 s s et N
— 10°
x
(&)
—_
<
=

Two-Lane Ramp Meter With HOV Bypass
Figure 1050-4b
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High Occupancy Vehicle Facilities

General purpose lanes

— — —

e e e e = —— e— - -
— — —

-
- —— <> -
I
——— P4 *
—> - —
*For standard acceleration and
/ deceleration tapers see Chapter 940.
/ To local street support facility
< / or another HOV facility

7
4

15’ 2 #15' " 8’

SHLDR

RAMP

RAMP SHLDR

=N
2" SHLDR -

2" SHLDR—]

=

pil=

Section A-A

#See Chapter 640 for turning roadway widths.

Typical HOV Flyover
Figure 1050-5a
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See Fiqgure
1050-5¢
-
\ — <
-
=3 <
— -
= __ 4 _ —
.'_
— O
o v
O O
S5 NOT TO SCALE
25’
8’ ) 15"+ -l
SHLDR. HOV RAMP ':I‘=
o
o}
5
\ 2
Section A-A
sSee Chapter 640 for turning roadway widths.
Typical Inside Lane On Ramp
Figure 1050-5b
Design Manual

June 1995
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Z2£-050T abed

Jenuepy ubisag

96-050T 94nbiH
dwey up aue-a|buls apisu|

P.T. of ramp Edge of shoulder

transition curve
PCC of End of ramp stationing

ramp curves

8’
l 10°

17 |

— Edge of HOV lane

Vaoriable, std. radius

-[ \4’ Radius

%
/\,_.1 Std. Taper

e See Std. Acceleration Lane

NOTE: See Chapter 940, “Single
Lane On Connection”.
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9-060T 8.nbiI4
dwey dis reoidA L

,8L

<€ [reeway
Shoul der <€ Weave Lane 127 Shoulder 10’
y e § * prm—
Shoul der Buffer 10’ N Shoulder 10’
- <€ HOV Lane - 127
e HOV Lane —3» Precast Barriers (TYP) R 12’
Shou I der AN 10 Buffer
Shou!der 12" Weave Lane —3»
Freeway =—3»
std. ) stdandard
| decel. ‘ 1500 acceleration
[ taper | ! taper

* For standard acceleration and deceleration tapers see Chapter 940.
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8031 or
f’OTTer

MIN
Preferred)

1000’ MIN
(1300’ Preferred)
*

10’

(14’

521 O
Fiotter
Shoulder width (varies)

2

Enforcement Area (One Direction Only)
Figure 1050-7a
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Varies
12’&'~ /12' 12°

12’
lane | HOV HOV lane
: bt
c
@
E +
o C
0O @
C E
o0
“ >
c o
w E
| —— 4" MIN
4’ MIN (10" Preferred)
(10’ Preferred)— ¢ ,
T4 N
| ! (10’ Preferred)
: - |
| o] © B
: - -
C 8]
o¥
q_gg o) \/\ g I
Lo AT
EE o z|C
¥|5 . Flo
3 oo
o™
o] O | v
8]
10’MIN/ T
(14" Preferred) S

2’ concrete barrier —» [

*Refer to Standard Plans for
warning marker details.

Median Enforcement Area
Figure 1050-7b
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varies
An

12’ 12’ 12’ 127

lane | HOV H HOV lane

50:]
—_—
—

L —4° MIN

Feagn (10" preferred)

—

200" -300°

50:1

l P2

\\\\—-2' concrete barrier

Bidirectional Observation Point
Figure 1050-7¢
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